Zinc ions are endogenous modulators of neurotransmitter-stimulated capacitative Ca2+ entry in both cultured and in situ mouse astrocytes.
Astrocytes express a variety of metabotropic receptors and their activation leads to a biphasic Ca2+ response due to Ca2+ release from intracellular stores and subsequent capacitative Ca2+ entry. We performed Ca2+ imaging with Fura-2 on cultured mouse astrocytes and showed that extracellular zinc reversibly blocks the capacitative Ca2+ entry following application of the metabotropic ligands ATP, glutamate and endothelin-1. Zinc blocked the plateau phase of the ligand-triggered Ca2+ responses. When ligands were repetitively applied in the presence of zinc the calcium responses progressively decayed and even disappeared, indicating that capacitative Ca2+ entry is required to refill the stores. Zinc inhibited the capacitative Ca2+ entry with a K(i) of approximately 6 microM, which is well within the physiological concentration range of zinc found in the brain. Application of the reducing agent DTT prevented the blocking effect by zinc ions but not the inhibition elicited by the nonphysiological metal ions Gd3+ and La3+, indicating that zinc has a distinct binding site. To monitor the capacitative Ca2+ entry in astrocytes in situ and to determine the effect of zinc on this pathway we utilized X-rhod-1 imaging in hippocampal slices of a transgenic mouse line with green fluorescent astrocytes. Zinc affected the repetitive metabotropic Ca2+ response in the following fashion: (i) after depleting stores in Ca(2+)-free solution, re-addition of Ca2+ led to an influx of Ca2+ via a zinc-sensitive Ca2+ entry route; (ii) with repetitive application of metabotropic ligands, Ca2+ responses became smaller and even disappeared in the presence of zinc. We conclude that zinc, which is co-released from glutamatergic synaptic vesicles upon neuronal activity, has a major impact on shaping the astrocytic calcium responses.